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The object of the present inquiry is to ascertain the 
extent and manner in which the bladder and its contents 
are influenced by parturient efforts. The means taken 
to ascertain this will be hereafter described. 

Before reaching the main issue, several questions 
naturally fall to be discussed. It is therefore convenient 
at the outset to arrange the study under the following 
divisions : — 

1 . The question of uterine pressure during parturition. 

2. The topographical anatomy of the bladder during 
pregnancy and parturition, and some clinical observa- 
tions connected with it. 

3. Experiments to estimate bladder pressure during 
labour ; its amount, distribution, and cause. 

4. The results arrived at. 

B 



I STUD Y OF THE BLADDER 

The estimation of uterine pressure — that is, of the 
power of the uterine contraction — is a question upon 
which very considerable attention has been bestowed by 
Poppel, Haughton, Duncan, JouHn, Schatz, Ribemont, 
Poullet, and others. 

It forms no part of my present task to enter in detail 
into this question, yet it is essential that these investiga- 
tions should be shortly stated, in order that two points 
may be established — 

ist, The amount offeree exerted during parturition. 

2d, How that force is expended or distributed. 

I. THE AMOUNT OF FORCE. 

Different methods have been adopted by different 
observers in order to arrive at a solution of this problem. 

Poppel, Matthews Duncan, and Ribemont, have esti- 
mated the force necessary to rupture the membranes, and 
have considered that force as representing approximately 
the intensity of the uterine contractions. Poppel found 
that on an average a force of 4.248 kilogrammes (9.4 
lbs.) was required to rupture a surface of membranes 
5. centimetres (1.9 inch.) in diameter. 

The lowest number was 1.301 kilogrammes { = 2.8 
lbs.); the highest number was 6.002 kilogrammes { = 
13.2 lbs.) He made the same researches upon a surface 
of 10 centimetres (= 3.93 inches) in diameter, and 
found — 
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The highest figure 9.876 kilogrammes (= 21.7 lbs.) 
The lowest „ 2.134 .- (~ 4-6 lbs.) 

Average „ 6.162 „ (= 13.4 lbs.) 

The conclusion he draws from these calculations is, that 
in normal deliveries a force from 2 kilogrammes (= 4.4 
lbs.) to 9-5 kilogrammes (= 20.9 lbs.) is required to 
expel the foetus. 

Matthews Duncan, judging by his own experiments 
conducted in the same line as those of Poppel, enunciates 
"the almost certain conclusion that a great mass o{ easy, 
and not merely the easiest, labours are terminated by a 
power little in excess of that required to rupture the bag 
of membranes. The strongest membrane found in this 
experiment indicated, by the pressure required to burst 
it, an extruding force of 37^ lbs. 

" We may therefore, I think, safely venture to assert 
as a highly probable conclusion, that the great majority 
of labours are completed by a propelling force not ex- 
ceeding 40 lbs. 

" If we regard the figure of 4 lbs., given by Poppel, 
as equal to the power exerted in the easiest labour he 
has observed, or the corresponding figure of 6 lbs. 
according to my calculations, and keep in mind that the 
average weight of the adult foetus exceeds either of these 
weights, we are led to the conclusion that in the easiest 
labours almost no resistance is encountered by the child 
— that it glides into the world propelled by the smallest 
force capable of doing so." 
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Duncan, in an essay on the extreme power of labour, 
further states : — 

" Having had extensive and varied experience in the 
use of the forceps in difficult labours, and having also 
made some rough experiments with the dynamometer to 
ascertain the power I have applied by the instrument, I 
regard M. JouHn's estimate of a hundredweight as the 
maximum force of the parturient function as too high. 

"1 do not deny that, in very rare cases, such a force 
may possibly be produced ; but I am sure that it is nearer 
the truth to estimate the maximum expulsive power of 
labour — including with the uterine contractions the assist- 
ant expulsive efforts — as not exceeding 80 lbs." 

Ribemont made his experiments with great care, and 
found that over an orifice of 10 centimetres the mem- 
branes ruptured with a mean pressure of 10.3 kilo- 
grammes (= 22.8 lbs.) 

The maximum of resistance, 1 1. 179 kilogrammes (=t 
24.4 lbs.) The amnios alone resisted up to 7,988 kilo- 
grammes (=r 17.3 lbs.) ; whilst the chorion and decidua, 
without the amnios, ruptured under a pressure of 5.66 
kilogrammes { = 12.3 lbs.) 

Joulin, by means of forceps to which he attached a 
dynamometer, found the maximum force about 104 lbs. 

Schatz has endeavoured to estimate the pressure 
exerted during labour in a different way. He used the 
following apparatus, which he denominates a Tokodyna- 
mometer. This consists of a little Ixilloon of caoutchouc 
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filled with water, which is introduced into the uterus 
between the foetus and the uterine walls, and which by 
tubes of caoutchouc is put in communication with a 
manometer. 

This has attached to it a corresponding register, 
which traces on paper curves similar to sphygmographic 
tracings, indicating the variations to which the balloon is 
subject in the uterus under the influence of expulsive 
forces. 

I embrace this opportunity of pointing out what 
appears to me an obvious fallacy in this method of inves- 
tigation, and which I refer to more fully in my calcula- 
tions as to bladder pressure. 

It consists in the fact, that the force was conveyed 
through an apparatus of elastic material. Before any 
absolute deductions as to the force exerted by the uterus 
can be made from the movements of the mercury, it 
would be necessary to add the force lost on the elastic 
walls of the indiarubber bag. This has not been done ; 
indeed it is dif^cult to see how it could be done. This 
omission vitiates the entire results. 

He found that the pressure exerted by the uterine 
and abdominal muscles at the end of labour varied from 
80 to 250 millimetres; that is, 3.2 to 10 inches of mer- 
curial pressure. 

According to him the expulsion of the fcetus required 
a force of from 8.5 kilogrammes to 27.5 kilogrammes {i.e. 
\^\ lbs. to 6oi lbs.) 
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Poullet of Lyons attempted to settle the question of 
uterine pressure by means of an instrument which he 
called the Tokograph. His observations were conducted 
by means of two balls of caoutchouc, one of which was 
inserted into the rectum and the other into the uterus. 
He thus showed, as he supposed, the entire expulsive 
force employed in parturition. On the one hand, the 
balloon in the uterus showed the expulsive power of 
this organ, while, on the other hand, the balloon in the 
rectum showed the expulsive force of the abdominal 
walls. 1 need not add that to each of these balls were 
attached tubes, each of which was connected with a 
column of mercury and a registered scale. His results 
are open to the same objection as Schatz's ; they are very 
uncertain, and need not be recorded in full here. They 
are to be found in tlie BtdUtin de la Sociel4 de Chirurgie, 
1879. p. 8. 

The Rev. Samuel Haughton approached the subject 
from an entirely different point of view. Studying first 
the force of the uterine muscle, he finds the mean weight 
of this muscle, derived from Heschl, Montgomery, and 
Levret, to be 1.56 lbs., the mean thickness of the muscular 
wall to o. I 5 1 9 inch, and the tensile strain of uterine wall 
per inch to be 15.577 lbs. ; and from these data he con- 
cludes that the maximum hydrostatic pressure produced 
by uterine contraction is 3.4 lbs. on the square inch. 

Then citing the experiments of Duncan on the pres- 
sure necessary to rupture the membranes, who found the 
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greatest pressure was 3.1 lbs. and the least 0.26 lb., 
giving a mean of 1.2 lb., and combining this experimental 
result with his calculations, he concludes that the uterine 
muscles are capable of rupturing the membranes in every 
case, and possess in general nearly the requisite power 
to complete labour. The extreme force of uterine con- 
traction he estimates produces, or rather is equivalent to, 
a pressure of 54.1 lbs., differing, it will be observed, 
very considerably from Joulin and Duncan. 

Haughton then discusses the force brought in by the 
abdominal muscles, which are four in number, viz. — 
rectus abdominis, obliquus externus, obliquus internus, 
and transversalis. 

He found by experiment upon three young men, 
multiplying the curvature into the tension of the abdo- 
minal muscles at the navel, that the result was an 
expulsive force of 32.926 lbs. on the square inch, avail- 
able to assist the uterus in completing the second stage 
of labour. 

Adding the combined forces we get — 

Involuntary muscle . . 54.10 lbs. 
Voluntary muscle . . 523.65 „ 



Total . . 577.75 lbs. av. 

Between 577.75 lbs. of Haughton and 80 lbs. of Duncan 
there is obviously a marked difference, and it comes to 
be an interesting question to ascertain how this remark- 
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able diversity has arisen. As I have just shown, the 
two observers approach the subject from different stand- 
points. The one calculates from the data I have 
mentioned — the entire strength of the uterine and abdo- 
minal wall contraction, the other by observations on 
the body being expelled, calculating the force expended 



Is it possible then to explain this discrepancy? 1 
think it is. In the explanation I am brought directly to 
the subject of my inquiry. 

First, then, of the three elements entering into 
Haughton's calculation, one, viz., the tensile strain of the 
uterine muscle, must be taken with very great reserva- 
tion. The calculation is on the " breaking strain." 
Such may be the breaking strain, but then such strain is 
not a fair calculation. Take an analogy from engineer- 
ing — a square inch of good iron will rupture on the 
application of a force of 50,000 lbs., but in actual work 
10,000 lbs. would only be allowed per square Inch, so 
giving a factor of safety of 5. It is scarcely to be sup- 
posed that nature will work up to the "breaking strain." 
That nature does work up to the " breaking strain " is 
of course occasionally a fact. This is shown in cases of 
spontaneous uterine rupture. Even here, however, the 
rupture does not take place in the tissue tested by 
Haughton, but at the weakest part of the organ — the 
union of cervix and body, and only after the nutrition 
of the organ has been interfered with by pressure on 
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the blood-vessels. What factor of safety nature allows 
it is, I presume, impossible to say. Engineers allow 
lo as a factor of safely in a dynamic load and 5 as 
a factor in a static load. It must at least be very 
obvious that in the majority of labours the work done 
must be at a strain very much within the breaking 
strain, and therefore a very considerable deduction must 
be made on this head alone from Haughton's figures. 
But I will not press this point to its utmost limits, for 
although Duncan has shown that Haughton has over- 
estimated the expulsive power of the uterus and abdo- 
minal muscles in ordinary labour, and ridiculed his 
statement that "on an emergency somewhat more than 
a quarter of a ton of pressure can be brought to bear on 
a refractory child which refuses to come into the world 
in the usual manner," yet it is not impossible that 
Haughton's figures may approximately describe the 
"breaking strain." It must be kept in view that even 
in cases of rupture of the uterus the rupture does not 
accurately represent the breaking strain of the healthy 
uterine muscle. 

My point is simply this, allowing a factor of safety in 
Haughton's experiments, it brings his figures, in propor- 
tion as the factor of safety is large or small, very con- 
siderably down. But, secondly (and this is a point to 
which, so far as I know, no allusion has been made, and 
which to some extent goes to reconcile the great dis- 
crepancy in the results of Haughton on the one hand. 
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and Duncan, JouHn, and others, on the other), while 
Haughton, from the data I have alluded to, calculates 
the entire pressure of abdominal walls and uterus, Duncan 
and others estimate only the pressure on the fcetal 
head. It is obvious, therefore, that from Haughton's 
total sum there falls to be deducted the force lost on the 
hard and soft pelvis. In other words, allowing Duncan's 
80 lbs. as correct, and allowing a large factor of safety 
in Haughton's figures, the difference between the two 
may amount to the sum of the force lost on the girdle of 
contact, wherever and whatever that for the time may 
happen to be. That such pressure does exist upon part 
of the contents of the pelvis, and that to a very con- 
siderable extent, the sequel of this inquiry will show. 

If it is possible to calculate the pressure which is to 
be subtracted from the entire uterine pressure lost on the 
bladder during parturition (see note B), further experi- 
ments may be made to ascertain approximately the 
amount of pressure lost upon other portions of the pelvis 
and its contents. It is only thus that a true estimate of 
uterine force can be obtained, for while Duncan is no 
doubt near the truth when he estimates the amount of 
pressure at 80 lbs. in laborious and 40 lbs. in easy labours, 
yet it must be very clearly kept in view that this is no 
estimate of the entire amount of uterine force exerted in 
any given labour, but merely the pressure exerted on 
the head. 

The pressure dissipated on the passages is entirely 
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left out of the calculation. This brings me directly to 
the task I have set myself, viz., to ascertain the amount 
and distribution of the pressure exerted on the bladder 
during parturition. 

RELATION OF THE BLADDER. 

Following out the plan laid down at the commence- 
ment, it becomes my duty to examine into the relation 
and condition of the female bladder. It would be 
foreign to the present subject to enter into a lengthy 
description of this viscus. I wish to confine my re- 
marks entirely to the relations of the bladder so far as 
they affect the inquiry on hand. 

(A.) In the Unimpregnated Condition. 

It is necessary to state generally that the female 
bladder lies lower in the pelvis than the male; placed 
between the pubes anteriorly, the uterus posteriorly, the 
vagina and cervix inferiorly, and the intestine superiorly. 
When empty it lies forward on the symphysis, slightly 
overtopping it, and occupies but little space. 

When partially or entirely filled, it rises above the 
pubes to a varying extent. It is consequently a pelvic 
or pelvi-abdominal organ, according to its repletion. 

Beyond these general facts there are some points to 
which attention must be specially drawn, and which are 
characteristic of the female bladder. 
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ist, It is flatter in women than in men. I now 
speak of the moderately-distended organ. In man it is 
ovoid. Its lower fundus admits of greater distension 
laterally in women, owing to the obvious arrangement of 
the vagina and pelvic organs generally. A glance at the 
accompanying diagrams will show this. These diagrams 
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are specially valuable as showing this fact, because they 
were drawn with a totally different object, and only 
incidentally show the point in question. They are taken 
from Pettigrew's monograph on the muscular fibres of the 
bladder, and were sketched to show their arrangement. 
In these diagrams this flattening and broadening of the 
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female bladder, as compared with the male, comes out 
very clearly defined. 

The fact is noteworthy that this flattening and 
broadening of the bladder is more marked in muld- 
parous women. In them the whole organ has more 
breadth than height. 

This was noted by Haller. It may be accepted as a 
fact. Indeed it would & prion seem to be natural. For 
if the normal bladder is originally broad and flat, it is but 
to be expected that, in repeated pregnancies, the weight 
of the uterus pressing on it and interfering with its 
expansion upwards, will tend to make it expand laterally. 
With the repeated occurrence of pregnancy this lateral 
expansion will become more and more marked. To the 
clinical observer nothing is better recognised than this 
flat condition of the bladder in multiparae. In making a 
bi-manual examination, the difficulty of mapping out the 
broad moderately - distended bladder admits of ready 
demonstration. The explanation just offered seems a 
feasible one. Barkow, however, doubts its value. He 
has found that this want of pyramidal form, or flattening, 
occurs in men in whom, of course, no such cause will 
account for it. In some multiparous women he has not 
found this condition. 

He mentions one case specially of the bladder of a 
woman who died of phthisis jet. 41, after bearing ten 
children. In this case he expected to find broadening 
and shortening, but he found an oval bladder. 
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Barkow offers a different explanation. He attributes 
this special form less to the effects of pressure of the 
pregnant uterus, than to the movements of the uterus 
and its annexa, which lie behind the bladder. These 
drag on the bladder, bring about contraction of the 
organ, and cause shortening. Barkow simply mentions 
the fact. It seems to me that {a) the freer movements 
of the parous uterus, (Ji) its greater weight, (c) its lower 
situation, ((/) the frequency of displacement both of the 
uterus and vaginal walls, all seem to give great weight 
to his suggestion. It is scarcely possible to exclude the 
pregnant uterus as a factor in the production of this 
shape. Both influences no doubt are concerned in 
imparting this shape to the organ. Whichever pre- 
ponderate, the fact remains that the female bladder is 
markedly flat; and that in parous women the preponder- 
ance of breadth over height is remarkable. 

2d, The female bladder is marked by lateral asym- 
metry. -The accompanying diagrams, taken from bladders 
depicted by Barkow, show this. 

The following observations are from that author : — 

Out of 35 bladders of adult women — 

In to asymmetry was minor. 

In 2 1 ,, ,, major. 

Out of the 35 only 4 were completely symmetrical. 

I wish to draw special attention to the fact that the 
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There is a fallacy, however, in assuming that a 
bladder will distend when removed from the body, or 
even in the body after the viscera have been removed, in 
the same way as it would when in the closed abdominal 
cavity. For instance, in a section of a female pelvis of a 
girl Get. 1 8 by Legendre, he shows the bladder distended, 
not as one would expect in a young girl. Braune shows 
this probably arose from the bladder being distended 
after the viscera had been removed. 

3d, In regard to the relative capacity of the male 
and female bladder there is a very great diversity of 
opinion. 

For example : — 

Ha Her szy 5 — It seemed to me greater in women, so 
that it contained the urine longest. 

Rosenmullcr — It is rounder and smaller than in the 
male. 

J. M. Weber — Rounder, broader, and roomier than 
in the male. 

Krause — It is roomier than in the male, 

Hyrlyl — Does not strikingly contain much less urine 
than the male. 

Eneyclopirdia — It is generally very capacious in 
women, especially those who have borne children. 

Such are a few of the opinions with regard to the 
relative size of male and female bladders. The weight 
of opinion seems to be that the female bladder, especially 
that of multiparae, is more capacious than that of man. 
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Barkow found in making the experiments, to which 
reference has already been made, that the female bladder 
contained a quantity of water equal to that contained 
by the male bladder. 

The flattened appearance, shortened as it is in its 
vertical diameter, which the female bladder presents, has 
no doubt given rise to this difference of opinion on its 
capacity. Clinical observations will hardly bear out those 
who would limit its capacity to less than the male. A 
reference to retention of urine in the female would seem 
to show that scarcely any limit is assigned to the capacity 
of the female bladder. Rupture of the bladder from dis- 
tension is practically unknown. The natural capacity 
which women have of being able to retain the urine in 
the viscus longer than men cannot, however, be urged as 
ah argument in favour of the greater capacity of the 
female organ. This is not a matter of capacity ; habit 
has, no doubt, something to do with it. Its deep situa- 
tion in the pelvis, its broad base, its expansion laterally, 
must be kept in view in studying the question. It varies 
much with different circumstances ; for example, in addi- 
tion to sex and habit, age, position of the body, health, 
and disease, especially the latter, from a few drops to a 
pint, exert a marked influence. A further examination 
of these points would lead beyond the scope of the 
present inquiry. 

I am now led to examine the influence exerted on the 
bladder 

c 
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(B.) By Pregnancy. 

I. In the Earlier Months. 

Among the most prominent effects of early pregnancy 

is a diminution of the capacity of the bladder. The 

simple weight of the heavy uterus is of itself sufficient 

to cause this. 

The early pregnant uterus lies in a state between 
version and flexion. It is easy to satisfy oneself by a 
bi-manual examination of the intimate relation existing 
between the pregnant uterus and the posterior bladder 
wall. The low position of the early pregnant uterus as 
well as its weight will check at once the upward disten- 
sion of the bladder ; and it would appear probable that 
so long as the uterus maintains this relation, say for the 
first three months, the bladder will not contain an amount 
of urine beyond that which can be accommodated by the 
walls distending laterally, or the fundus sinking lower in 
the vagina. That is, the bladder, 
like all other sacs containing fluid, 
will expand in the direction of 
least resistance, and this, in the 
case of the bladder, will be trans- 
versely. Whenever the bladder 
begins to distend longitudinally, 
the weight of the uterus will act 
by increasing the resistance, and 
-ftwir i»*r««r ("ft" BmB). hence either directly or reflexly 
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require the expulsion of its contents. It is therefore 
only in exceptional circumstances that the bladder be- 
comes an abdominal organ in early pregnancy. It is as 
a rule pelvic. 

As the uterus ceases to be a pelvic organ, and with 
advancing pregnancy rises into the abdomen, pressure on 
the bladder from this cause will be modified. Clinically 
this is so, for frequent micturition is more common in 
the first months than at mid-term. Still, all through 
pregnancy the expanding 
space of the viscus is limited. 
But if, as is often the case, 
the pregnant uterus is in- 
clined backwards without 
being in a state of retro- 
version or flexion, the bladder 
will be interfered with in two 
ways : — 

1st, As urine accumulates 
in the bladder, and when 
vertical distension begins, the 
ot^;an must of necessity drag 
on the cellular tissue lying 
between it and the uterus. 
From the position of the 
uterus this tissue will soon 

be put on the stretch, and an _ „ , 

early check will be placed on budd«r{Brtii«). 
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the capacity of the bladder. The bladder will probably 
be emptied ; if not, it will distend farther, and as it 
distends the posterior displacement of the uterus will be 
so far remedied, and the whole uterus and cervix, now 
closely applied to the posterior surface of the bladder, 
will rise en masse with it. 

So far, distension of the bladder will have the effect 
of rectifying a backward inclination of the uterus. The 
experiments of Scanzoni and Burns show this. These 
were conducted on cadavera, and showed that when the 
utero-vesical duplicatures were severed and the bladder 
distended, marked retroversion was the result ; but when 
they were left intact, distension of the bladder only 
served to place the anterior wall of the uterus and the 
posterior wall of the bladder in closer contact. Such a 
case has been under my observation. 

A young multipara, pregnant two months, consulted 
me specially on account of frequent micturition. Bi- 
manually I found the uterus slightly inclined backwards, 
and there being no other condition present, I concluded 
this was the cause acting in the way I have just described. 
I instructed the patient to resist the first call to micturate. 
This she did, and after the uterus was drawn forwards on 
the bladder, and had its position qua the cervix so far 
remedied, the patient was able to retain her urine for 
hours. The result of distension of the bladder on the 
uterus, when the latter organ is either normally situate 
or slightly inclined backwards, is to displace the entirt 
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organ farther back, the cervix and fundus meanwhile 
retaining their relative position. In the figure referred 
to by Braune he finds difficulty in accounting for the back- 
ward displacement of the uterus, whether it was ante- or 
post-mortem, or how brought about. 

However it may have been brought about in this 
particular case, whether by the violent death of the patient 
or as post-mortem change, I cannot say. This much I 
know clinically, that such a position of the uterus in early 
pregnancy is by no means rare. Lately, in any case of 
early pregnancy, when I have been consulted, and when 
frequent micturition has been a symptom, I have, as 
occasion offered, made an examination and been struck 
with the frequency of this displacement 

This minor form of gravid retroversion, as well as 
gravid retroversion generally, as a rule, right themselves. 
It is otherwise with gravid retroflexion. In such a case 
the capacity of the bladder is interfered with as in retro- 
version, and frequent micturition is an early symptom ; 
but if distension takes place the uterus is less likely to 
be drawn into position, and the well-known phenomena 
of incarceration and retention are the result. The posi- 
tion of the bladder during this period — early pregnancy 
— varies according to its distension. It seldom becomes 
an abdominal organ. Compressed as it is by the uterine 
body, or its distension interfered with by the cervix, it is 
usually either flattened out and of a somewhat triangular 
form, or else it assumes the form of an irregular ovoid. 
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The exact shape of the bladder during pregnancy is, 
of course, a matter difficult of accurate decision. The 
only section with which I am acquainted is Braune's, and 
it shows the bladder contracted and flattened against the 
pubes. Clinically the bladder cannot be regarded as 
having any definite shape, at least when moderately dis- 
tended its outlines are with difficulty differentiated, and 
are easily changed by the pressure of the finger. It can 
be regarded only as a water-cushion, with easily compress- 
ible walls, and with its oudines in constant change. 

The main points concerning the bladder in early preg- 
nancy are — 

1st, That it is a pelvic organ. 

2d, That it distends transversely. 

3d, That an antero-posterior distension is limited. 

4th, That its vertical distension is interfered with for 
the reasons described. For these reasons its capacity is 
very materially curtailed. 



2. Throughout Pregnancy. 

The bladder in its moderately-distended or empty 
condition remains a pelvic organ. Its capacity is inter- 
fered with, but in a different way. The uterus has risen 
out of the pelvis. The bladder, when even considerably 
filled, will distend first transversely, then slightly upwards, 
and then the base of the bladder will bulge the vaginal wall 
before further upward expansion takes place. The mode 
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of distension, therefore, of the bladder during early and 
late pr^nancy is somewhat different. In the one case 
the capacity is diminished by the pressure of the uterine 
body, which still remains a pelvic organ ; in the other, 
the anterior segment of the gravid uterus is the main 
factor in limiting the expansion of the organ. 




3. At the End of PregTiawy. 

In primiparae the capacity of the bladder is dimin- 
ished owing to the low position of the lower uterine' 
segment and fcetal head, and in multiparee, just at the end 
of pregnancy, the result is similar (though much less 
marked) owing to the descent of the uterus. 

In any case it is to be observed that just before labour 
sets in the bladder is entirely a pelvic organ, and that, 
except under unusual circumstances, it remains so. It 
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expands laterally, inferiorly, and to some extent antero- 
posteriorly, rather than superiorly, because in that direc- 
tion it meets with most resistance. 

I now come to look at the bladder . 

4. During Parturition 
The main point to be observed, so far as my present 
subject is concerned, is the fact that the urethra is elon- 




f K^ f ,— PovlHHi of bUddv ftl ukd of pncnaocT and btfof* 01 



DURING PARTURITION. 35 

gated and the bladder elevated. This is well shown in 
Braune's sections, and has been specially studied by 
Hart, to whose work in this department I am particularly 
indebted. It is a fact which readily admits of clinical 
demonstration ; the direction of the urethra, the length 
of catheter required, the small quantity of urine often 
drawn off, as well as the results of a vaginal examina- 
tion, sufficiently prove that, under normal circumstances, 
during the first and second stages of labour, the 
bladder has ceased to be pelvic and become an abdo- 
minal organ. 

This is the case not only under circumstances of 
distension, but, as Braune's plates abundantly show, in 
the empty condition as well. The cause of this altera- 
tion in the position of the bladder is to be explained by a 
study of the pelvic floor during parturition, and spe- 
cially by a consideration of the relation of the cervix 
and bladder. The intimate relations between the cervix 
and the posterior bladder wall sufficiently demonstrate 
the cause of this displacement. During the first and 
second stage of labour the cervix is stretched, thinned, 
and correspondingly drawn up. As it undergoes this 
change the bladder alters its position and rises with 
it, a movement of which it is capable owing to its 
loose pubic attachments. From being pelvic it be- 
comes abdominal. This is the case, not in part but 
in whole, whether distended or empty. This altered 
position of the bladder during parturition is full of 
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interest as bearing on various obstetric operations and 
manipulations. A reference to these points would lead 
me away from my present object. I am contented with 
drawing attention to the importance of keeping this 
position in view in relation to bladder pressure. 

Clinically the distended bladder is readily recognised 
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by inspection and palpation forming a distinct tumour 
suprapubically broader above than below, separated from 
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the surrounding uterine tumour by a transverse or oblique 
furrow. Its tenseness and fluctuation will further decide 
its nature. 

I wish to take this opportunity of indicating a 
further diagnostic point. The condition has not been 
drawn attention to. It may be, and no doubt is, familiar 
to practical accoucheurs, but, if it is recorded, any notice 
of it has escaped my observation. The condition is 
pathognomonic, but owing to the firmer relation of the 
tissue it is most marked in primiparae. I mean an alter- 
ation in the vaginal walls, by which, owing to the 
dragging up of the bladder, a circular contraction is 
formed — most marked in front but extending all round 
the vagina. The lumen of the contraction varies with 
the amount of urine in the bladder. 

Let me illustrate what I mean by a few clinical 
examples : — 

Cctse I. — I. S., a primipara, had been in labour since morning; saw 
her at 8 p.m., found os dilated as large as a half-crown. In front of 
the cervix the vagina was drawn into a ring with firm sharp outline. 
Through this ring the cervix could be felt 

Inquiry — Patient has not passed water since morning. 

3xi urine drawn off with a catheter. 

Result — Vaginal ring disappeared. 

Case 2. — R. B., primipara, seen at morning visit 9 a.m. ; os size of 
a penny-piece, well marked ring in front of the cervix. 

Inquiry — No urine passed since late on previous evening. 

5x urine drawn off with a catheter. . 

Result — ^Vaginal ring gone. 

Case 3. — ^A patient was brought into the Maternity Hospital in 
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labour, having come a long distance by train. The os was diiated as 
big as a crown-piece. In front of it the vaginal ring was well marlced; 
its lumen being less than that of the cervix. The distended bladder 
formed a well-marked suprapubic tumour. 

Inquiry — No urine for many hours. 

J XX drawn off with a catheter. 

Result — Ring disappeared. 




It can serve no good purpose to multiply examples, 
and as I have not kept a record of all the cases in which 
tliis condition was observed, I am not in a position to 
give a table. There are one or two points which I think 
call for notice. 

u/, I have observed that the condition is most marked 
in primiparx, although it does occur in multipara:. 



DURING PARTURITION. 29 

2d, It occurs in the first stage. 

id, It is rare in the non-gravid. This can be proved 
by experiment. I have again and again examined the 
vagina in non-gravid women with a full bladder, and 
have seldom found such a ring. 

In primipara and in the first stage this ring is 
pathognomonic of distension. • It is worthy of notice that 
a marked ring will be caused even if the bladder is not 
distended to any very great amount, that is to say — as I 
have shown in the cases recorded — 5^ will do it. I 
have not noticed it with less. Of course regard must be 
had to the condition of distension in labour and in the 
non - gravid ; for though Jxx may be allowed as an 
average moderately-distended bladder, less than half that 
quantity must be regarded as moderately - distended 
bladder in labour. Indeed distension, even moderate 
distension, is a very rare thing in parturition. Although 
constantly referred to, it must strike the practical accou- 
cheur as^ a fact, that except as routine and then with 
questionable benefit the catheter is comparatively seldom 
required in labour. The condition is deserving of a little 
closer study. 

I St, The bladder has been seen to bq abdominal. 

2d, The direction of distension must be transverse 
and longitudinal. 

TJie altering shape of the uterus and its contractions 
prevent antero-posterior distension. 

3d, The swelling formed suprapubically by the 
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moderately or markedly -distended bladder is not, as 
might be at the first glance expected, central. 

I have observed this at the hospital. Out of 15 
cases of which I have kept notes the following is the 
result : — 

15 cases of parturition in which during inspection the 
characteristic swelling of the distended bladder 
was observed, and in which, after the use of the 
catheter, it disappeared. 

In 8 swelling to Right of mesial line. 
„ 4 „ „ Left 
„ 3 „ was Centra/. 

Of the 8, in every case the presentation was cranial, and 

the position L.O.A. 
Of the 4, In 3 body was to Right. 

„ I presentation indefinite. 
Of the 3, 2 were pelvic, i cranial L.O.A. 

In looking for an explanation two considerations 
must be kept in view. 

I St. That central distension is to a certain extent 
prevented by the position of the head and body, and 
then too whether the head is engaged or not. 

2d, The natural asymmetry of the bladder. To this 
I have already alluded in detail. 

In addition to the fact that the bladder in parturition 
is abdominal, it is important to keep the two points I 
have just mentioned in view, as affording additional 
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explanation of the small quantity of urine required to 
make a suprapubic vesical tumour during labour. 

The first of these is very fully borne out by the short 
table I have given, in which, out of the 1 5 cases 1 1 were 
apparently influenced by the head and body, or both. 
The remaining 4 were too indefinite to draw conclusions 
from, but it is striking that in both of the pelvic cases 
the bladder was central. 

Following the arrangement laid down at the com- 
mencement of this inquiry, I have now to describe the 
method adopted of arriving at an estimate of the amount 
of pressure exerted on the bladder during parturition, and 
the results of that inquiry. 

I. The Method adopted in making the Experiments. 

A bent U tube one-eighth of an inch in calibre was 
connected by the end B with a horizontal tube C, in 
which was a T branch E closed with a pinch-cock D. 
(See Diagram.) 

To the farther end of C was attached a piece of stiff 
india-rubber tubing of the same calibre. This was about 
2 feet long, and terminated in a soft rubber catheter 
No. 8. 

At the point of junction of the tube C and the catheter 
another T branch I was connected. This was also closed 
with a pinch-cock H. 

A scale divided in both directions was fixed between 
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the limbs of the tube, and was capable of accurate adjust- 
ment to the mercurial level. 

The instrument was arranged for observation in the 
following way : — 

The whole apparatus was 
filled with water so as to ex- 
clude air : mercury was then 
poured in at A so as to dis- 
place the water, and until 
about 3 inches stood in each 
limb. The fluid in the limb 
A was then adjusted above 
the mercury, until a column 
of the same height remained 
as existed between the level 
of the mercury in B and the 
horizontal tube C, 

This ensured an equal 
weight of fluid in both limbs. 
The scale was then carefully adjusted till the zero 
corresponded to the mercurial level. 

The catheter was then introduced into the bladder, 
and the manometer adjusted on the support to the same 
height as the bed. 

The pinch-cocks H and D were opened, and a little 
urine permitted to flow so as to secure complete exclu- 
sion of air, and equalise the pressure on both sides of the 
mercury. 
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Both cocks were then firmly secured, and alterations 
in the mercurial level during each pain observed. 

When it was desired to ascertain the amount of urine 
in the bladder, the tap H was opened and the urine was 
allowed to flow out. 

In those cases where the bladder was found to be 
empty, or nearly so, ^ij of water were injected. This was 
done by connecting a Higginson syringe to the tube. 

When a suitable case presented itself at the hospital 
the apparatus thus described was employed, and as much 
care as possible was observed in recording the variations 
in the mercurial column at different periods of labour. 
That the observations are relatively few, compared to the 
amount of cases in the hospital, is sufficiently accounted 
for by. the following facts : — first, that many cases were 
admitted too far advanced in labour to be of any practical 
use ; secondly, that many patients resented the inter- 
ference ; and thirdly, that even in those cases which were 
available it was often impossible for me to be present. 

The results of the observations have been carefully 
tabulated, and will be found in a series of tables at 
the end. 

Table i shows that the observations extended over 
periods varying from 5 to 40 minutes, and included from 
2 to 9 observations on each patient. 

The table to which I now draw attention. No. i, in- 
dicates the condition generally, showing the state of 

I. The OS. 

D 
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2. The membranes. 

3. Presentation and position 

4. Situation of the head. 

5. Limits of observation. 

6. Duration of observations. 

7. Maximum rise. 

8. Minimum rise. 

9. Amount of urine. 

This table gives a prhis of the whole scope of the 
observations, and from this table all the others have been 
constructed. 

These observations were made exclusively in cases of 
head presentation. 

The cranial position being — 

L.O.A. .19 

R.O. P. ... 6 

The situation of the head was — 

Brim. Cavity. Outlet. 

4 26 5 

The condition of the membranes- 
Ruptured, 16. Unruptured, 17. 

The condition of the os — 

Dilated 19. Undilated, 13. 

In making these observations very considerable care 
had to be observed in eliminating any sources of fallacy, 
more especially in the observations made during the early 
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period of parturition. One such fallacy, which I now 
show, has crept into the tables. I refer to the possibility of 
taking a reading during the first stage while the patient is 
making active exertion, such as coughing, bearing down, 
vomiting, and the like. Such exertion on the part of the 
patient altogether vitiates the readings, because such 
voluntary efforts at once remove the reading from that 
of a first to that of a second stage. As the sequel will 
show, I have endeavoured to make ample allowance for 
this. 

Reading during Interval. — Among the first points 
which require to be settled is the reading of the mercury 
during the interval of a pain when uninfluenced by any 
of the factors of labour. This is uniformly .2 of an inch. 
We get this reading under all circumstances during the 
interval of a pain. The condition of the bladder as to 
repletion makes no difference. The mercury remained 
the same in a woman with three ounces in her bladder 
as in the case of a woman suffering from puerperal 
melancholia from whom nearly two pints were drawn 
off. 

A very slight alteration in the position of the mano- 
meter will raise the mercury a point or two. When the 
patient is still and the bladder and manometer on the 
same level, the rise of the mercury is really inappreciable, 
and cannot therefore be included in our calculations as in 
any way influencing the result. 

A series of experiments were tried with non -pregnant 
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women, and the results were, that perfect stillness and 
accurate adjustment of the patient and manometer leave 
the mercurial column unaffected. We must attribute 
this reading during the interval to this fact, that the 
mercury was on a slightly lower level than the patient. 

Such a condition of matters can, indeed, hardly be 
avoided, from the fact of the patient lying in a non-rigid 
bed, or from the varying thickness of the patient's buttocks. 

It therefore follows that during the interval intra- 
vesical pressure amounts to nil. 

I have thought it necessary to draw attention to the 
fact, because on comparing the graphic tracings obtained 
by Poullet by his Toko-graph with my own, to which I 
refer further on, it will be found that Poullet obtained 
a continuous elevation of the mercury during the whole 
period of the experiment ; both during a pain and during 
the intervals. This rise varied from 15 to 20 m.m., and 
indicates a continuous uterine tension. This is quite 
different from the . 2 in. to which I refer in my own 
experiments, which simply indicates a difference between 
the level of the manometer and the position of the patient. 

Such being the condition of the mercury during the 
interval of a pain, a glance at Table 2 will show at once 
the influence which parturient efforts have on the bladder. 
The table shows a range of readings varying from 3.2 to 
.1, and the scale 13 wonderfully gradual. From a closer 
examination it will be seen that the highest x&^f^xn^ occurs 
in a primipara at. 37, with vertex presentation, L.O.A. 
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position, dilated os, ruptured membranes, and head in 
the cavity, well on therefore in the second stage of labour; 
and the lowest reading occurs in a primipara, set. 27, 
vertex presentation, L.O.A. position, os the size of a 
shilling, ruptured membranes, and head at the brim, early, 
therefore in the first stage of labour. 

Such results are precisely what one would a priori 
expect. Between these two extremes the readings vary 
with varying conditions of labour. 

In the meantime the fact is established that pressure, 
and that to a very considerable extent, is brought to act 
upon the bladder during labour. Having seen the limits 
of pressure, viz. the highest and lowest readings, it is 
convenient here to inquire what the equivalents to these 
readings are in actual pressure. 

Take, for example, the maximum in which the mer- 
curial column rose 3.2 inches. As all these readings refef 
only to the rise of one limb of the manometer, they 
require to be doubled in order to represent the actual 
height of the mercury supported by the bladder pressure 
for the time being. Accordingly, 6.4 inches of mercury 
will represent the corresponding intra-vesical pressure in 
this observation. Now, as 30 inches of mercury repre- 
sent approximately a pressure of 15 lbs. on the square 
inch, it becomes a simple question of proportion to 
ascertain the amount of pressure corresponding to 6.4 
inches. This I find to be 3.2 lbs. per square inch of bladder 
area. In Tables 6, 7, 8 the manometric readings are 
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converted from inches into lbs. of pressure, and these 
tables show the actual pressure per square inch of bladder 
in each of the separate observations made. The lowest 
reading which was obtained was .i, which represents 
.2 inches of a mercurial column, and this again is 
equivalent to ^ of a lb. of pressure on the square 
inch. 

Such being the highest and lowest readings, it would 
be possible to determine the entire intra-vesical pressure, 
provided always it were practicable to obtain — 

1st, The exact quantity of fluid contained in the 
viscus. 

2d, Sufficient data as regards the displacement of 
the walls to calculate the entire intra-vesical 
area. 
Such a calculation would serve no good purpose in indi- 
cating any solution as to the distribution of uterine force, 
because, as will be shown, the chief factor in the causation 
of the pressure is a variable quantity, resulting as it does 
from the action of an unknown segment of the uterus on 
an unknown area of the abdominal walls and pubes. 
Were the bladder a rigid cylinder, and the uterine force 
acting directly upon the fluid contained within it, it 
would be easy to estimate the precise sum of the force 
expended on it, but its walls being more or less elastic it 
would be necessary to determine both the degree and 
quality of that elasticity as a basis of any calculation in 
this direction. Means for such calculation are not at our 
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disposal, and thus we must be content with having 
ascertained the amount of parturient pressure dissipated 
on the bladder at various periods per square inch. 

What, then, is the source of this pressure ? Is it 
foetal, i.e. is it due to the advancing head of the child ? 
That it is not so is evident from the fact that it is 
greatest during the second stage of labour, when the 
head has, as I have already shown, passed below the 
level of the bladder. The bladder has been drawn out 
of the pelvis into the abdomen, and therefore away from 
direct pressure from the foetal head. The pressure can- 
not therefore be said to be the result of the foetal parts 
coming in contact with the viscus under observation. 
This fact is worthy of special notice, because unless the 
position of the* bladder during labour is kept clearly 
in view, one would very naturally regard the pressure 
exerted on the bladder as a direct result of the advancing 
foetal head pressing on it. Such inference is clearly 
erroneous. Little, if any, pressure is thrown on the 
bladder from this source. In order to remove any 
possible source of doubt on this question, I made a 
few manometric observations during forceps delivery, 
and found that when marked traction was made on 
the head with the forceps, there was absolutely no 
rise on the mercurial column in the absence of a pain, 
and even during pains traction did not increase the 
pressure indicated. These facts are sufficiently con- 
vincing that the pressure of the advancing foetal head 
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on the bladder is not the cause of the alterations of the 
mercury. 

There remain, therefore, two sources from which this 
pressure may arise— 

\st, The contraction of the uterus. 

2d, The contraction of the abdominal walls. 

I. Uterine Contractions, 

I have just shown that these do not act through the 
fcetal head by communicating the pressure directly from 
the head to the bladder wall. This source of pressure 
must therefore to a great extent be dismissed. Uterine 
contractions have another and separate influence on the 
bladder. This is exerted in two ways — \st, By altering 
the shape of the uterus. The effect of uterine contrac- 
tion in altering the shape of the uterus is well recognised. 





Fig. XI. — Alteration in form of uterus during labour (Lahs). 

Towards the end of pregnancy the uterus is ovoid in 
form, during a pain it becomes more or less globular. 
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The longitudinal and transverse diameters diminish 
while the antero-posterior is enlarged, in other words, 
while it shortens from above downwards it lengthens 
antero-posteriorly, i.e. in the direction of the bladder. 

Further, it must be noticed that with a distended 
bladder the effect of this " form-restitution power" will 
be more marked, because, as a matter of fact, owing to 
the tightening of the broad and round ligaments, the 
fundus uteri is thrown somewhat forwards, so that the 
circumference at the umbilicus becomes proportionately 
greater than that between the umbilicus and symphysis. 

The case stands thus : — 

During a contraction in early labour, before the 
abdominal walls either reflexly or voluntarily have begun 
to act, the "form-restitution power" of the uterus exerts 
a pressure on the bladder most when the membranes are 
unruptured and the abdominal walls firm. This influence 
in its simplest form will be observed early in labour. 
Hence, with uterine contractions, there must of necessity 
be a certain amount of pressure from the altering shape 
of the uterus itself. This, of course, will be greater as 
the abdominal walls are tense, and this form of pressure 
will be most marked in primipara. in whom this condi- 
tion is more pronounced. Further, the presence of the 
liquor amnii will modify this form of pressure consider- 
ably, for its presence will increase the size of the uterus, 
especially in its lower segment, and so, with unruptured 
membranes, the force e.^erted by this form of pressure 
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will be greater than after the Hquor amnii has escaped- 
Table IV. specially shows this, and to this table I draw 
attention. 

But 2d, Another influence arising directly from 
uterine contraction must not be overlooked, viz. the 
pressure induced by the stretching of the cervix. As 
the cervi.\ dilates it is drawn up, and with it the posterior 
bladder wall. Now, this dilation of the ccrvi.x must not 
be regarded simply, or even perhaps mainly, as a result of 
the pressure of the foetal head or the amniotic wedge, 
but specially as a result of the contraction of the longitu- 
dinal fibres of the uterine body dragging up the cervix, 
and with it the bladder, to whose posterior wall it is firmly 
attached by the paravesical cellular tissue. Further, the 
comparative thickness of the uterine walls, anterior and 
posterior, during labour, shows the anterior to be thicker, 
owing, no doubt, to its greater contraction, as has been 
demonstrated and explained by Dr. Hart. Thus we have 
a very important factor in bladder pressure, causing direct 
pressure on the viscus,and reflexly giving rise tocontraction 
of the bladder, and, under certain circumstances, to spon- 
taneous expulsion of its contents. This question of spon- 
taneous expulsion of urine during labour is an interesting 
one. I have noted the following facts with regard to it: — 

I St, i have never seen it occur except during a pain, 
when therefore both urethra and bladder are on the 
stretch. 3d. I have not observed it occur during a 
pain except under the following circumstances : — 
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(^.) During the introduction of forceps when a pain 
occurs. In this case two factors probably are at work — 
(i) the removal of pressure from the urethra by the 
hand ; and (2) the dynamic action of the hand in the 
vagina. 

{b.) During internal rotation. When this occurs 
suddenly, especially when it takes place low down in the 
pelvis. 

(r.) In women with a lax vaginal wall, and in whom 
the pubic segment of the pelvic floor rises, but not suffi- 
ciently to drag the bladder out of the pelvis. 

{d^ In old multiparse with a gaping urethra. 

(^.) In women with a large pelvis and a small foetal 
head. 

Other causes may, no doubt, be at work in producing 
this. I have simply indicated those which have come 
under my own personal observation. 

A further discussion of this question would lead me 
away from the object of my present study. We have 
seen the modus operandi of pressure exerted by the 
uterine contraction on the bladder. We shall see further 
on what this pressure amounts to. In the meantime, 
regard must be had to another source of bladder pres- 
sure during labour, viz. (2) Front contraction of the 
abdominal walls. As the table shows, the pressure 
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during the second stage gives the highest readings, 
and as during the second stage the membranes are rup- 
tured and the head in the cavity, the abdominal contrac- 
tion would seem to be the source of the greatest pressure. 
The influence of the abdominal muscle will be brought 
to bear directly on the bladder, pushing it against the 
resistant body of the foetus ; for it must be admitted that 
the voluntary efforts, although not confined to the second 
stage, usually are so ; and it is hardly possible to conceive 
that reflex contraction of these muscles will take place 
before labour is well advanced. It seems to be natural 
now to try to estimate the amount of pressure from these 
sources. A study of Tables III. and I V. shows — 

1. The lowest reading when the os is but slightly 
dilated, say to the size of a shilling. 

2. An increasing amount of pressure with an increas- 
ing size of cervix. 

Now, it appears to me that this enables us fairly to 
estimate the amount of pressure which may reasonably 
be credited to the first two named factors. When the os 
remains about the size of a shilling, the contraction of the 
uterus will alter its shape, and so bring about pressure in 
the way I have previously described ; while, as the cervix 
gradually enlarges, the second element — viz. the drag- 
ging up of the bladder by the cervix — will be brought 
into play. A reference to Table III. is sufficient to 
demonstrate this. This table shows the relation between 



DURING PARTURITION. 45 

bladder pressure and cervical dilation, and shows that 
the pressure on the bladder is in direct ratio to the 
increasing size of the cervix. That there are exceptions 
to this is only what might be naturally expected. With 
readings of single points under such circumstances, abso- 
lute uniformity can hardly be attained, but in the main 
the point indicated is proved. As I mentioned in an 
earlier part of this study, p. 34, unusual rises in the 
readings are to be found here and there, occurring 
through some accidental voluntary effort on the part of 
the patient ; they must, therefore, be eliminated. 

It will be observed that three such high readings are 
recorded under readings with undilated cervix. In each 
of these cases there was some unusual and uncalled-for 
effort on the part of the patient. These three high read- 
ings, on glancing at the chart, tell at once where volun- 
tary effort comes in. From the table I show, it may be 
assumed that the pressure during the first stage of labour, 
i.e. with an undilated cervix, varies from .1 to .6 inches. 
These low readings occur equally in primiparse and 
multiparae, and were taken, with the exceptions noted, 
when the patient was lying quite still on the back. 

The increase of pressure, therefore, can only be 
accounted for by the altering shape of the uterus pressing 
the bladder against the abdominal wall, or, as is the case 
in very early labour, against the symphysis pubis, and as 
the labour advances, by the bladder being drawn and 
pressed on by the cervix. 
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It is Striking that these readings correspond so entirely 
in primiparce and multiparas. It would 1 think be, a 
priori, expected that the readings even at an early stage 
would be greater in primiparEc than multipara. This is 
not the case. They are apparently the same. Presum- 
ably the walls of the abdomen being more tense and 
unyielding in primipars, the uterus would have a firmer 
body to press against than against the comparatively lax 
abdominal walls of the multipar^e. The tables, however, 
do not support this. It becomes necessary to look for an 
explanation of this. Now the relative positions in primi- 
pars and multiparas throw some light on the question. 




STUDY OF THE BLADDER. 



For while in the miiltiparous woman the head in early 
labour remains comparatively high, in the primiparous 
woman, long before labour has set in, the head, with the 
lower uterine segment, has sunk deep into the pelvis. 

Hence what the primipara gains by tense walls, she 
loses by the fact that the head has sunk beneath the 
reach of the bladder, whereas in the multipara the whole 
lower uterine segment and the contained fcetal head 
remaining high, at or near brim, the whole influence of the 
form - restitution power and cervical dilation come to 
bear on the bladder. It must be further kept in view 
that in conditions of moderate distension, the pressure 
will not be against the yielding irregular abdominal walls, 
but invariably against the symphysis. 

This being the case, it is not matter for surprise that 
the readings in most multiparae and primipane should be 
the same. 

I have not yet got experiments to show whether the 
readings in multiparae and primiparse are the same with 
a distended bladder, where of course the pressure will 
be between the uterine wall on the one hand and the 
abdominal parietes on the other. As will be seen from 
my tables, in all my experiments the bladder was but 
moderately distended. 

All the tables have a urine column, in which this is 
indicated. 

It becomes desirable to define the term distensioH a 
little more minutely. 
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There are four conditions under which the bladder 
may be met with. 

I St, A condition of total emptiness, in which the 
bladder walls are in close apposition. 

This apposition during parturition will be one of 
anterior and posterior wall, never of upper and lower, as 
is sometimes the case in the unimpregnated condition. 

2d, A condition of moderate distension^ when the 
bladder walls will have begun to separate and take a 
definite outline. A very small quantity of urine is suffi- 
cient to do this. 

Neither of these conditions is recognisable by any 
special clinical feature. Such can only be diagnosed 
negatively. 

3d, A condition of distension. 

This differs somewhat in parturition and in the non- 
pregnant condition. 

For while ^xx may be regarded as a moderately- 
distended bladder in the non- pregnant condition, half 
that quantity will be sufficient to produce moderate dis- 
tension in the parturient woman. Further, while ^xx 
gives no clinical feature in the non-gravid woman, little 
more than ^x will give the characteristic tumour supra- 
pubically in parturition. The cause of this has already 
been drawn attention to by Hart, and I have sufficiently 
referred to it in speaking of the anatomy of the bladder. 

4th, A condition of over-distension. 

Between moderate distension and over-distension no 

E 
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absolute clinical line can be drawn, but a simple mano- 
metric experiment will illustrate the point. Given a 
bladder containing a quantity of urine not sufficient to 
stretch the walls to their fullest extent, and given a 
certain external pressure on the viscus, no efifect need 
be produced on the mercurial column provided that the 
walls have still sufficient room to accommodate the altered 
shape of the fluid mass. But supposing with the same 
amount of pressure the bladder walls are tense, or have 
no room to distend, then such pressure will at once be 
indicated on the column. 

Such a condition is one of distension. It comes to 
this, that so long as the resistance of the bladder walls is 
less than the resistance of the column of mercury, the 
manometric readings will be unaffected. 

The pressure of labour on the bladder flattens it 
antero-posteriorly, and so long as the bladder can extend 
longitudinally or transversely with less pressure than is 
necessary to affect the mercurial column, the readings 
with large and small amounts will be the same. 

Suppose, for example, that the point of over-disten- 
sion is, say ^xxx, and that the viscus contains that 
amount, the result will be difterent. for in that case a 
very small pressure will cause a high reading, because, 
owing to the rigidity of the walls, the column of mercury 
will be more easily displaced than the vesical parietes. 

Table V, shows this graphically. The abscissa shows 
the amount of urine, while the ordinate shows the corrc- 
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spending pressure, and it will be found that the highest 
readings obtained were with quantities of urine varying 
from 5i to ^ii, while with ^xiv and ^x respectively the 
readings were comparatively low. 

The former gave an average of 3 inches, while the 
latter gave an average of i inch. So that really, and for 
the reason I have shown, it makes no difference whether 
the bladder contain much or little urine, provided always 
the point of over- distension be not reached before 
pressure is applied. 

Summary. 

The main points of this paper may be summed up as 
follows : — 

\st, That pressure is brought to bear on the bladder 
during labour. 

2d, That during the interval of pain bladder pressure 
amounts practically to nil. 

yl. That in ordinary labour the maximum pressure 
is about 3.2 lbs. on the square inch. 

4/A, That this pressure is obtained during the second 
stage of labour, but that equally high readings may be 
got during the first stage, when, by accident, any volun- 
tary effort is interposed. 

5/A, That in ordinary labours the minimum pressure 
amounts to .1 lb. on the square inch, and that this is 
found during the first stage of labour. 
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tf/i. That the average reading during the Jirst stage 
of labour amounts to — 

a. Inclusive of accidental high readings, .92 lb. on 

square inch. 
6. Exclusive of accidental high readings, .42 lb. on 
square inch. 
The latter may therefore be regarded as the correct 
estimate. 

"jth, That the average reading during the second stage 
of labour amounts to 1,88 lb, on square inch. 

8M, That when regard is had to the position of the 
bladder during parturition the sources of the pressure 
are three — 

a. Change of shape in the uterine ovoid. 
/}. Stretching of the cervix. 

c. Pressure by the abdominal and other respiratory 
muscles, e.g. Diaphragm, levator ani, etc. 
9/^, That of these three sources that derived from 
the abdominal walls is the greatest. 

io//i, That pressure seems in no way to be influ- 
enced by the patient being priniiparous or multiparous. 

ilM. That the quantity of urine in the bladder does 
not influence pressure, provided always the point of over- 
distension is not reached. 



The experiments from which the foregoing con- 
clusions arc drawn are added in a tabular form, and are 
arranged as follows : — 
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Table I. is a general statement of the experimental 
results, showing — Age, number of labour, commence- 
ment of labour, condition of os and membranes, 
presentation and position, situation of head, length 
of time during which the observations were con- 
ducted, number of observations in each case, mini- 
mum rise, maximum rise, quantity of urine. 

Table II. shows the experiments arranged in a descend- 
ing series, the pressure being indicated in inches of 
mercury. 

Table III. shows the experiments arranged according 
to the number and stages of labour. 

Table IV. shows experiments arranged according to the 
number of labours and the condition of os and 
membranes. 

Table V. shows experiments arranged according to 
quantity of urine in the bladder. 

Table VI. gives inches of mercury converted into 
pounds, showing pressure per square inch of bladder 
area in undilated primiparae. 

Table VII. shows the same in dilated primiparae. 

Table VIII. shows the same in dilated and undilated 
multipara. 
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Note A. — It 13 well to point out that this maximum pressure, viz. 
3.3 lbs., represents the pressure brought to bear on the bladder by the 
powers of parturition through some part of the uterine contents, not, 
however, on any of the i>oints embraced by the girdle of contact. If 
the girdle of contact means, as Lahs says it does, the ring by which is 
embraced tlie largest diameter of the fcetal head, I have at consider- 
able length endeavoured to prove that in ordinary labour, in the second 
stage, the bladder never forms any part of the girdle. 

Note B. — It would seem at first sight an easy matter, given the 
pressure on one part of the pelvis, to calculate the pressure on the resL 
Such, if it were possible, would be a ready method of determining ilie 
resisLince of passages and the force lost in them. There arc two 
diHicuIties — 

lit, It is impossible to ascertain the amount of surface included in 
the girdle of contact. 

id. The bladder does not form part of this girdle. 

Nffle C. — It is a somewhat remarkable fact that the figure 3.1 lbs. 
per square inch of bladder corresponds so nearly to Haughton's 3.4 lbs. 
per square inch as a result of the extreme force of the uterine contrac- 
tions. It is necessary to point out that this is but a coincidence, there 
being no relation either as to cause or cflTect between the two pressures. 
The absence of relation between the two will become apparent when 
we consider — 

\st. That Haughton's figures represent the sum of uterine pressure 
brought to bear on the ftetal head. 

2(1, The figure 3.2 as a result of my own experiments represents 
the maximum force brought to bear by tlie action of the voluntary 
muscles on the bladder. 
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EARLY PUERPERIUM. 

In the previous section I have discussed some clinical 
features of the bladder during pregnancy, and specially 
the pressure exerted on it by parturition. I now 
desire to draw attention to some conditions of the 
bladder during the normal puerperium. During the 
second stage of labour the bladder is either voluntarily 
or involuntarily relieved of its contents, so that at 
the conclusion of the third stage the organ is usually 
empty. Immediately succeeding the third stage, and 
during the early puerperium, the bladder exerts an 
important influence on the uterus. This influence is 
mainly observed as affecting the position of the uterus. 
It is convenient here to look at the relative positions of 
bladder and uterus. The bladder has sunk down into 
the pelvis from the abdomen, and after labour is to be 
found, usually empty, lying below the brim of the true 
pelvis, but on a higher level than during pregnancy. 
For while the bladder, when empty or slightly distended, 
is spread out below the anterior uterine segment so that, 
on introducing a catheter, its distal end and the meatus 
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are on the same level, and in some cases the fundus is 
lower than the meatus, after labour this relation no 
longer exists ; for, the inlet of the pelvis becoming free, 
and pressure being removed from the bladder, the organ 
is allowed to expand upwards, so that a catheter goes no 
longer directly back, but its point is directed upwards, 
and is consequently elevated above the level of the 
meatus. 

The uterus, as to position immediately after labour, 
varies. It is pressed forwards by the action of the 
abdominal muscles acting on its posterior surface. But 
it may Ije said roughly that its fundus, some hours after 
delivery, is to be found at or quite close to the level of 
the umbilicus. Immediately after labour. I have said, it 
varies, being sometimes so deep in the pelvis as to be 
scarcely felt, and at all times 
its level immediately after 
delivery is lower than after 
the lapse of a few hours. 
The organ is inclined for- 
wards so that the anterior 
surface of its fundus is in 
close relation to the anterior 
.ibdominal wall, through 
which it can always be readily 
palpated. The organ is too 
large to fall below the pro- 
montory, and in the ordinary 
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position the pressure of the intestine is directed on the 
posterior wall. It is usually found occupying a central 
position, although deviations from the mesial line are 
very frequent. I do not now refer to distinct displace- 
ments, but simple deflections of the uterus to one or 
other side. Out of 60 cases observed at the Maternity 
Hospital, 14 deviated, 4 left, 10 right ; 46 were median. 
Borner noted 64 cases ; 53 median, 1 1 deviations. 

Such is the relative position of uterus and bladder 
when the latter viscus is empty. While the bladder is 
filling and after it is distended various changes take place 
in its relation to the uterus. Unlike either early preg- 
nancy, where its expansion is interfered with by the ante- 
verted uterus, or late pregnancy, where it is limited by 
the anterior uterine segment, or parturition, where it is 
compressed between the abdominal wall and uterine 
body, the post-partum bladder meets with no obstacle to 
its distension upwards. Its recognition suprapubically 
is simple enough. Per vaginam, when the bladder is dis- 
tended, through the anterior vaginal wall is felt a firm 
elastic swelling which completely fills the anterior vaginal 
arch and presses it down. The cervix is high up and 
well back, and it is impossible to feel any part of the 
anterior uterine wall in front of the cervix, unless, indeed, 
very considerable pressure is made on the uterus from 
above. 

The most obvious effect which distension of the 
bladder exerts on the uterus is familiar to every practical 
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accoucheur. If the hand is passed over the abdomen 
twelve or fifteen hours after labour, and the fundus uteri 
is felt high and far back from the abdominal wall and less 
distinctly palpated, the explanation is to be looked for in 
a distended bladder. 

We have thus displacement upwards. The term dis- 
placement does not, however, convey accurately what 
occurs. No doubt there is a certain amount of ascent 
of the uterus. This is small. The heightening of the 
fundus uteri is brought about through the distending 
bladder straightening the uterus and making it upright. 
As the bladder increases in size the uterus is pushed 
further back from the abdominal walls. Some of the in- 
testines in this way slip down between the uterus and 
abdominal parietes, and then palpation is rendered more 
difficult. It is not so much a mere dragging up of the 
uterus as an increase in its real height by the straighten- 
ing of the organ. In Autefage and Depaul's experiments 
with the hysterometer — an instrument constructed like a 
pair of compasses, one branch being applied to the cervix 
through the vagina, and the other externally at the 
fundus uteri — reference is made to this point. By means 
of this instrument, devised by Depaul and carried into 
practice by Autefage, it was attempted to estimate the 
rate of involution of the uterus, Autefage mentions that 
the actual length of the uterus was increased while the 
bladder was distended, and that the organ returned to its 
normal size when the bladder was emptied. 
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There seems to me to be a fallacy here, for with a full 
bladder the distance between the two buttons of the hys- 
terometer will be increased owing to the bulging of the 
vesical tumour rendering the whole organ more erect, and, 
again, owing to the displacement of the cervix further 
back in the vagina. In order to ascertain the fact of 
increase in the cavity of the uterus the measurements 
would require to be taken with the uterine sound. 

I have just said that the normal puerperal uterus is 
central. This, however, is a point upon which there is 
apparently some difference of opinion. For while some, 
as Schroeder, and with him the majority of observers, 
hold that the usual position of the uterus is right lateral 
deviation, others, such as Borner, maintain that in the 
majority of cases the uterus is central. It is important, 
in studying the effects of bladder distension, to look at 
this question shortly. 

Considering the great preponderance of right lateral 
deviation of the pregnant uterus, such an inclination 
during the puerperium is just to be expected. For 
instance, in the table given by Joulin from Dubois and 
Pajot, among 100 women, in 20 there was no deviation, 
in 4 there was a deviation to left, in 76 to the right. 
This right lateral deviation is not only to be expected, 
but, as has been shown by the authors above mentioned 
and by many other observers, is really the case. Yet 
the more accurate observations of Borner go to throw 
some doubt on this point, for they show that when certain 
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conditions arc imposed the central lie of the uterus is 
found to be the most common — out of 60 cases. 52 were 
mesial, 4 to the right, i to the left ; or, in the 60 cases 
taken during my own term, where the same conditions 
were observed, in 46 there was no deviation, in 10 devia- 
tion to the right, 4 deviation to the left. Now these 
conditions are— i. An empty bladder; 2. An empty 
rectum ; 3. The supine position of patient. 

When these conditions are observed, it will be found 
that the mesial position is the most frequent, and, being 
the most frequent, therefore the normal one. My own 
observations bear this out, and 1 have found that when 
lateral deviation was masked with either a loaded rectum 
or a somewhat di,stended bladder, the mesial position was 
resumed when these organs were emptied. Further, — 
and this is a point which is not sufficiently insisted on, — 
the position of the patient has a great deal to do with 
these deviations. A very slight deviation of the body to 
one or other side is sufficient to give the organ a set in 
that direction, and Ffannkuch has shown that even in 
cases where the uterus had the right lateral deviation well 
marked during pregnancy, a few hours' lying on the left 
side is sufficient to change the whole relation of parts. 
This is a fact of which there is abundant clinical evidence, 
I have frequently, in noting the position of the uterus 
post-partum, fallen into the error of recording the He as 
lateral — this being due to the patient lying on one or 
other side immediately before, for I have observed that 
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the organ does not resume its central position until the 
patient has assumed the dorsal decubitus for some time. 
Now, a very inconsiderable lateral inclination of the pelvis 
is sufficient to cause this. It is therefore absolutely 
essential, in settling the question of the most common lie 
of the uterus, to insure that the pelvis be horizontally 
placed on the bed. This lateral displacement of the 
uterus by the accidents of position is of importance when 
we come to look at the influence of the distended bladder 
on the post-partum uterus, which is almost uniformly to 
cause a lateral dcviaiion of the organ. A central uterus 
becomes laterally displaced, and one which is originally 
laterally displaced becomes more so. This condition is 
almost uniform. It is very rare to find the ulerus central 
with a full bladder, The displacement is to a certain 
point in proportion to the repletion of the bladder ; but a 
comparatively small quantity of urine is sufficient to throw 
the uterus from the mesial line. Now, this deviation 
may either be right or left. 

Kehrer made an experiment on a cadaver by artifi- 
cially filling the bladder, and found a lateral inclination of 
the puerperal uterus with the fundus to the right. 

Clinically observed, the right deviation is the more 
frequent. This, however, although it has the support of 
the majority of observers, and although it is the deviation 
which is most easily explained, does not seem to be so 
frequent as alleged ; for during a recent service at the 
Maternity Hospital I was careful to note every case 
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in the early puerperium in which a distinct vesical tumour 
was observed, and without a single exception the vesical 
tumour was to the right and the uterus to the left. To 
be exact, out of 38 puerpcra observed, there were 9 cases 
of distinct vesical tumour, all which were right. Now, 
there are various causes at work in causing these lateral 
deflections of the uterus. That it is the bladder which 
displaces the uterus, of course, there is no doubt, for 1 
have just shown that with an empty bladder the uterus is 
central. In the first place, I believe in many cases they 
are accidental. As I have already hinted, the right lateral 
deviation of the uterus admits of ready explanation in the 
previously-existing deviation during pregnancy, and prob- 
ably a loaded condition of the rectum may be a factor in 
right uterine deviation. 

But what explanation is to be offered of left deviation ? 

This lateral displacement of the uterus by the dis- 
tending bladder is matter for study. The mechanism I 
take to be as follows : — As the bladder fills the fundus 
uteri is raised by being thrown from the abdominal wall. 
It then falls to the right side, not, as 1 believe, owing to 
the bladder pressing it to that side, but — ist, from its 
natural lie in that direction obtained during pregnancy ; 
ad, owing to some extent to the influence of the rectum ; 
3d, it may be from the accident of position. 

The bladder post-partum naturally tends to expand 
towards the right side rather than to left ; and if the 
influence of the bladder were the only factor at work in 
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displacing the uterus, this organ would deviate more to 
the left than the right. There seems to me to be two 
reasons for this. 

\sty The female bladder is marked by lateral asym- 
metry. In support of this I may recall the observations 
made by Barkow: — Out of 35 bladders of adult women, 
in 10 the asymmetry was minor; in 21 the asymmetry 
was major ; out of the 35 only 4 were completely sym- 
metrical. 

The asymmetry is much more marked on the right 
than on the left. Barkow found, right 1 8 ; left 8. 

This asymmetry, though characteristic of the female 
bladder generally, is so constantly present in the bladders 
of parous women that it may be regarded as the normal 
condition. 

There is a fallacy, however, in assuming that a bladder 
will distend when removed from the body, or even in the 
body after the other viscera have been removed, in the 
same way as it would in the closed abdominal cavity. For 
instance, in a section of a female pelvis of a girl set. 18 
by Legendre, to which I have already referred, he shows 
the bladder distended not as one would expect in a young 
girl. Braune, referring to this, mentions that it probably 
arose from the bladder being distended after the viscus 
was removed. 

2d, The right lateral expansion of the bladder imme- 
diately after labour is favoured by the condition of matters 
ante-partum. Thus the bladder is flattened under the 
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anterior and lower segment of the uterus, and if careful 
sounding of the bladder is made it will be found, as 1 
have shown elsewhere, that while little space is left on the 
left side, the bladder is free on the right, owing, no doubt, 
to the preponderance of L.O.A. position. It seems to 
me that if the uterus were a perfectly free body, not 
biassed by any deviation to one side or another, -the effect 
of the filling of the bladder would be first to raise it, and 
then to deflect it to the left. 

I have made four experiments in women in whom, 
during pregnancy, there was no lateral deviation to be 
noted, and in whom the position of the pelvis was as 
nearly horizontal, and in each the uterus, with an empty 
bladder, was central. In each case the uterus, with full 
bladder, was left and bladder tumour rig/it. In each, 
the uterus during pregnancy was central. On the 
morning of the third day with the bladder and rectum 
empty, and the patient supine, uterus was central. On 
the fourth day, Case i. — Distinct vesical tumour; direc- 
tion upwards and to right ; uterus pushed to left ^ inch 
above umbilicus ; twenty ounces of urine drawn oflf; vesi- 
cal tumour disapiJeared ; uterus sank two inches below 
umbilicus and became mesial. Case 2. — Ovoid vesical 
tumour I inch above umbilicus; main portion to right; 
uterus to left ; 30 ounces of urine drawn off; uterus 
mesial. Case 3. — Distinct bladder tumour extending to 
right side ii^ inch above the level of umbilicus; uterus 
to left and back ; 28 ounces of urine drawn off; uterus 
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mesial. Case 4. — Distinct vesical tumour i^ inch above 
umbilicus ; lies to right of mesial line ; uterus to left ; 32 
ounces of urine drawn off; uterus central Obs. 2, Case 
4. — Vesical tumour extending i inch above umbilicus ; 
main portion to right ; uterus to left ; 25 ounces urine 
drawn off; uterus central 

It seems to me, then, that normally the uterus in the 
early puerperium, under the conditions mentioned — viz. 
an empty bladder and rectum and the horizontal position 
— is central ; that when the bladder is full the uterus is 
deflected either to the right or left side. If to the right 
side, the deflection is due, \st, to a previously existing 
right lateral deviation during pregnancy ; 2d, to the pre- 
sence of a loaded rectum ; 3^^, to the accident of posi- 
tion. If to the left side, it is mainly due, \sty to the filling 
of the bladder, which, for the reasons mentioned, expands 
to the right ; or, 2dy to the left lateral decubitus of the 
patient. 

It is to be further observed that these displacements 
are more common in the early than in the late puerperium. 

\st, Because more urine is secreted in the early than 
the late puerperium, and therefore the bladder gets more 
rapidly distended. Gassner has shown that increased 
diuresis is the normal condition during the puerperium, 
and both this author and Winckel distinctly show that the 
increase is most marked in the first days after delivery. 

2d, Because retention of urine is more common in the 
early days of the puerperium. 
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3a^. The uterus becomes less mobile as the puer- 
perium advances. 

It is matter of clinical observation that in many cases 
the puerperal uterus rotates round its centra! axis, so 
that, in fact, the transverse axis of the uterus no longer cor- 
responds to the transverse diameter of the pelvis. One 
side of the uterus is thrown forwards, with the result that 
the transverse axis of the uterus corresponds to the oblique 
diameter of the pelvis. This occurs apart from any 
repletion of the bladder, and is recognised during preg- 
nancy when the anterior surface of the uterus looks to 
the right, so that the transverse axis of the fundus is in 
the right oblique diameter of the pelvis. 

Out of 64 cases noted by Borner, in 50 rotation was 
totally absent— both sides of the uterus being on the 
same plane, the transverse axis of the uterus corresponding 
to the transverse axis of the pelvis. In 12 there was dis- 
tinct rotation to the right side, and in two rotation to the 
left- This rotation of the uterus is specially well marked 
in cases where the bladder is distended, and it occurs 
with distension of the bladder, in cases where it is absent, 
where the viscus is empty. If the rotation, apart from 
the filling viscus, be to the right, then when it is full it 
is more marked in that direction, and vice versa. It is 
worthy of note that the filling of the bladder never causes 
rotation in an opposite direction. Pfannkuch remarks 
that "sometimes when the bladder is very full one can 
observe a rotation of the uterus in the sense that the 
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lateral edge is turned round towards the front." In the 
cases I have recorded this rotation has been distinctly 
remarked to the extent that out of 40 cases which have 
been noted, in 10, apart altogether from bladder relations, 
the rotation to the right was marked ; and in those cases 
where the bladder was full the rotation has been noted 
twice. 

We now come to look at the quantity of urine 
required to produce these three definite alterations in the 
post-partum uterus, viz. — i. Displacement upwards and 
backwards ; 2. Displacement laterally ; 3, Rotation, I 
have found that from 20 to 30 oz. of urine are sufiicient 
to bring about the upward and lateral displacements of 
the uterus. From 8 to 15, I have found, make but very 
little appreciable difference. Pfannkuch says that 100 
cc. of urine — i.e. 3.5 oz. — raise the uterus, on an average, 
about I cm., that is, \ inch. 

Autefage says that with a bladder full, of from 400 to 
600 grammes of urine, nothing is more common, the day 
after accouchement, than to observe an augmentation of 
the real height of the uterus, which is not less than from 
4 to 9 cm., ij to 3 in. Once he found 3 to 9, usually 5 
cm. = 13 inches. Now, on comparing these figures with 
each other, the results will be found to be very different, and 
the explanation will be found in the fact that the obser- 
vations were made in different periods of the puerperium, 
I have already shown that this is important, because the 
displacing influence of the bladder on the uterus propor- 
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tionately diminishes as the puerperium advances, and 
I need not again here refer to the reason for this. At 
present I refer to the early puerperium, and here I 
mean to state that an amount of urine varying from 
20 to 30 oz. is necessary to bring about the position 
changes in the uterus to which I have referred ; 
that, further, the relative amount of position change is 
more marked with 25 oz. than with the largest quantities ; 
or, in other words, that the displacement of the uterus 
does not, after a certain point has been reached, bear a 
direct proportion to the repletion of the bladder. For 
example, the displacement changes, upwards, laterally, 
and transversely, while distinctly marked with 25 oz., 
will not be proportionately increased with 50 oz. 



APPENDIX. 

In order to corroborate the results of the experiments 
upon bladder pressure during labour, which I have 
recorded in the foregoing sections, I undertook a set of 
fresh experiments. 

The first set of experiments were conducted with a 
manometer without any self-recording apparatus, con- 
sequently while every care and attention were bestowed 
on the observation and record of the various gradations 
of the mercury, still it was impossible to note every 
detail with the accuracy obtainable by the graphic 
method. 

In the former set of observations the object was to 
ascertain the amount of pressure lost upon the bladder 
during the process of parturition by noting the exact rise 
of the mercurial column during pains at various intervals 
during the first and second stages of labour. 

Thus, while definite knowledge was obtained as to 
the maximum pressure exerted by individual parturient 
efforts at different periods of labour, yet no clear idea 
was arrived at as to the gradation through which the 
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mercurial column passed during the continuance of each 
parturient effort. 

In order to investigate the subject the simple mano- 
meter was fitted with a recording style, writing on a 
drum. The apparatus was the same in every respect 
as formerly, the drum only being added. The tracings 
shown were taken by transfer paper from the original 
tracings on the drum. 

It will be seen from the tracings shown how thoroughly 
the more reliable graphic method of observation confirms 
the previous observation. 

Thus taking 12 of the highest readings out of 
6 tracings obtained during the second stage and 
striking an average, the result is exactly 3'2 inches 
mercury. 

This entirely corresponds to the maximum readings 
in the former observations. 

Further, taking an average of g of the maximum read- 
ings in the first stage, we find that -52 represents the 
average high readings during the first stage. In my 
former experiments the figure was "42. 

In the first stage there is always room for slight 
variation, owing to voluntary efforts being interjected, 
and so destroying the averages. 

Now on looking at these tracings more closely it will 
be observed that each of the tracings exhibited graphically 
represents an individual parturient effort, so far at least 
as that effort is expended on the urinary bladder. The 
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exact period over which the pain extended can be 
accurately noted by observing the time occupied by the 
revolution of the drum, and this I find varied from 1 9 to 
39 seconds. Out of 10 graphic tracings the average 
duration was 26 seconds. The average duration of a 
wavelet is 3. A pain therefore is a succession of partur- 
ient efforts interrupted by appreciable periods of rest. 
Such a pain comes to be the sum of a series of fractional 
efforts on the part of the expulsive powers, while the 
labour is the sum of these pains. 

A glance at those tracings shows very distinctly the 
relative difference between the first and second stages of 
labour — the trace waves becoming more and more distinct 
as the labour advances. Further, it is worthy of remark 
that although we would naturally expect that the fractional 
efforts would lead up to a point of maximum intensity, 
yet these tracings do not support this assumption. For 
it will be seen that the acme of a pain is not represented 
by a wave of maximum intensity, but by a series of waves 
of nearly the same intensity. I may further call attention 
to the fact that the wavelets on the curve are merely the 
results of oscillations of the mercurial column, and are 
common to all tracings obtained in this way. In looking 
for an explanation of the cause of these waves several 
possibilities suggest themselves. 

I St. There can be no possible doubt that they are 
caused in the main by the interrupted compression of 
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the fluid cushion of the bladder, between the abdominal 
and respiratory muscles, and the solid outlines of the 
uterine tumour. 

2d. It seems certain that the larger waves correspond 
in the first stage of labour to interjected voluntary efforts, 
and in the second stage are explained by tension of the ab- 
dominal walls, the glottis being closed. This tension is 
coincident with a uterine pain, which acting refiexly on the 
abdominal muscles excites them to action, thus compress- 
ing the bladder between them and the uterus. This may 
or may not be associated with full inspiration, because on 
making the patient take a deep inspiration or strain, the 
rise in the manometer is trifling. The fall in the wave 
is coincident with the opening of the glottis, which 
is of course followed by relaxation of the abdominal 
walls. 

3d. We must also take into account the fact that some 
of the smaller waves are in all probability caused by 
alterations in the uterine ovoid, communicated to the 
manometer through the bladder compressed against the 
rigid abdominal walls. Such smaller waves occur during 
the continuance of the larger waves. 

4th. It is possible, although difficult to prove with 
certainty, that some of the smaller waves may be du« 
to contractions of the bladder itself brought about by 
"irradiation of impulse" from the uterine centre — that 
is to say, an impulse starting from the uterus reaches the 
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cord, and in virtue of its intensity and the proximity of 
the bladder centre, excites not only the uterine motor 
centre, but that of the bladder as well. 

The issue of the matter simply 
amounts to this, that whatever sub- 
sidiary factors may be at work in 
producing these graphic waves, the 
larger of them at least are the result 
of the compression of the bladder 
walls by the intermittently stimu- 
lated abdominal walls against the 
rigid uterine wall, keeping in view 
i^a'!S^x^ccn^for*utcr^ in cord, always that the uterus is in a con- 
V^^.'^J::^'^^^'^' ^^^:^oxi of contraction, U. during a 

d efferent nerve to uterus. . • 

€ efferent nerve to bladder. Uterine pain. 

One of these graphic tracings will be found in fac- 
simile at the end of the tables. 




Fig. 15. 
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BY THE SAME AUTHOR. 



Second Edition^ Revised and Enlarged^ with 12 Plates and 40 Woodcuts, 

Price Six Shillings, 

Mannal of the Minor Gynecological Operations and Appliances. 



** We have great pleasure in recording a second edition of this very useful 
and lucid little book, dealing with details which are not always sufficiently 
given in more pretentious works. . . . May be well possessed by all practi- 
tioners, who will find in it carefully and briefly-stated points of much utility 
in daily practice." — The Lancet, 

"... The descriptions and recommendations of Dr. Croom seem entirely 
familiar, intelligible, and wholesome. A number of well -executed litho- 
graphic plates, giving various relations of the pelvic organs, add to the value 
of the book, which is a good one to have, and a good one to use." — American 
Journal of Obstetrics, 

" The work is admirably adapted as a practical guide to obstetric clinical 
clerks, house surgeons, and physicians, as well as medical practitioners. . . . 
It is well arranged throughout, and will, no doubt, retain the hold it has 
taken in the estimation of students and practitioners." — London Medical 
Record, 

" Both students and practitioners will find in it descriptions, hints, and 
directions clear, practical, and useful." — Practitioner. 

" The second edition is considerably modified, and forms almost a com- 
pletely new book. The clearness and conciseness of the author make his 
manual most useful both for practitioners and students." — Bulletin Giniral 
de Thdrapetitique, 

" All that is of doubtful value is purposely omitted, and only the methods 
of examination and treatment recognised as the best are described concisely 
and with capital illustrations. The book, which embraces all the gynaeco- 
logical operations with the exception of the abdominal, is in a high degree 
likely to fulfil its aim for students." — Centralblatt fUr Gynakologie, 

" We are glad to see this valuable manual has run into a second edition. 
Its arrangement is such as will commend itself both to the student and busy 
practitioner. We finish the perusal of this work impressed with its simplicity 
of arrangement and lucidity of expression." — Liverpool Medico-Chirurgical 
yournal, 

** We know nothing better of this sort as to contents and form of presen- 
tation." — American Practitioner, 



